for three repeated times. The combined extract was evaporated to dryness in vacuo, and the residue was dissolved in water and the solution was passed through the resin columns of Amberlite IR-120 (H+) and IR-4B (OH-) one after another. By this treatment, all the free sugars remained in solution, and the organic acids are retained in resin columns.
Therefore, free amino acids were liberated from the IR-4B resin column by eluting with 1 N Na2CO3, and subsequently by passage through the IR-120 (H+) column in order to remove sodium carbonate.
Paper chromatography and measurement of radioactivity. The fraction of free amino acids was chromatographed two-dimensionally on a large sheet of Toyo No. 51 filter paper, using phenol saturated with water in one direction, and n-BuOH/AcOH/ 1120 (4:1:5, v/v) in the other.
The air-dried chromatogram was printed on a X-ray film (Sakura, non-screen) for 3-4 weeks. Then, each of the radioactive spots on the chromatogram was eluted throughly with a small amount of hot water. Each fraction was evaporated to dryness, and radioactivities
were measured with gas flow counter (Aloka Radiation Counter, Model DC-4).
The fractions of sugars and organic acids were subjected to oneway, ascending chromatography using the solvent mixtures: n-BuOH/pyridine/H2O (6:4:3, v/v) and n-BuOH/AcOH/H2O (4:1:5, v/v).
Air-dried chromatograms were autoradiographed, and then each of the radioactive spots was eluted and the activity was measured as usual. Individual components of radioactive sugars, amino acids and organic acids were identified in the usual way by the use of the reagents specific for each group of compounds.
Isolation of anthocyanin and its hydrolysis. The isolation of anthocyanin and subsequent hydrolysis were made in the usual way. The sugar-free pigment (pelargonidin) was decomposed further by means of hydrogen peroxide and hot 1500 aqueous sodium hydroxide, respectively.
Here, the process may proceed according to the following scheme:
The degradation of pelargonidin with 15% aqueous sodium hydroxide and the radioactivity measurement of the resulting products, i. e., phloroglucinol (I) and p-hydroxybenzoic acid (II), were made as described previously. The oxidation of pelargonidin with hydrogen peroxide was done according to the method of Chandler and Harper14', and the reaction products were chromatographed by irrigation with n-BuOH/AcOH/H2O (4:1:5, v/v). Individual products separated on the chromatogram were shown in Table 1 . The radioactive spots were eluted with methanol in a separate manner, and the activity was measured as before.
Results
The distribution of 14C in three kinds of molecular components of Rap hanusanthocyanin are summarized in Table 2 . When leucine-1-14C was fed to the excised radish seedlings, about 70% of 14C were incorporated into the sugar-free moiety (pelargonidin).
Similar result was also obtained in the case where leucine-U-14C was fed to the seedlings.
The rate of 14C-incorporation into the bound organic acid moieties (p-coumaric, ferulic and caffeic acids) was exceedingly higher than that found in the sugar moiety (glucose).
In Table 3 , the distribution of 14C in the aglycone (pelargonidin) was examined in detail. When the seedlings were fed with leucine-U-14C, pelargonidin produced was labeled predominantly in the B-ring. A similar result was obtained in the case of leucine-1-14C. Accordingly, the carboxyl-C of leucine should participate in the formation of the B-ring via some other route that is still unexplored.
The alkaline degradation of pelargonidin leading to the formation of both phloroglucinol and p-hydroxybenzoic acid has proved that the incorporation of leucine-14C into the B-ring was three to four times as high as that into the A-ring of anthocyanidin.
According to the result of H202-degradation, compound III, which may be composed of A-ring plus 3-C and 4-C of pelargonidin, has proved to be appreciably high in radioactivity.
Since the activity of phloroglucinol itself, which has been derived from the A-ring of pelargonidin, is quite low as shown above, a higher radioactivity in compound III must be due to the activity of 3-C and/or 4-C in pelargonidin molecule. Besides, the experiment with leucine-U-14C showed that the activity of 3-C and/or 4-C of pelargonidin was more than three times as high as that obtained in the case of leucine-1-14C.
This fact seems to indicate that the r-pyran ring in pelargonidin is formed from unknown intermediate involving two or more carbon atoms, which must have originated from leucine. 4. Leucine may take part in the biosynthesis of anthocyanin without preliminary conversion into sugars.
5. The conversion of leucine into malic acid occurs more or less at a higher rate.
Anthocyanin formation seems to occur at the expense of malic acid, which may have been derived from leucine.
